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(m) Semlccmductor device and method for produdng same. 

@ A semiconductor device includes a substrate (1) having 
e low substrate surface (15) formed in the substrate with a , 
first gentle slope (15a) from ihe substrate surface and a single 
crystalline layer formed on the low substrate surface riearty 
level with the substrate surface and having a gentle slope 
(15b) facing the first gentle slope. An optical semiconductor 
element (LD) is constructed using the single cr ystall ine layer 
and an electronic semiconductor element (FET) is con- 
stnicted using the substrate surface. A wiring layer (31 e) con- 
nects electrodes (25, 27) of the optical semicond uctor 
element (LD) and the electronic semiconductor element (FET) 
through the first and the second gentle slopes, the slopes 
being gentle enough to reduce breakage of the wiring which 
can occur when steeper slopes, produced bf conventional 
methods, are used 
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SEMICONDOCTOR DEVICE AND METHOD FOR PRODUCING SAME 



The present invention relates to a semicon- 
ductor device and a method for producing the same . 

5 



10' Recent advances in the technologies of crystal 

growth and device production have made it possible to 
combine optical and electronic devices into a single 
chip. Such an optoelectronic integrated circuit (OEIC) 
is not only smaller and easier to use in various systems 

^5 but also speedier, more reliable-, and less noisy than 
hybridized discrete devices. A particular attractive 
ajnd important OEIC is one wherein an optical semiconduc- 
tor element, for example, a laser diode or photo diode 
(PD) , is monolithically integrated with a field effect 

20 transistor (FET) driver. 

..... In fabricating a laser/FET unit or PD/FET 
unit, there is a problem in how to match the laser 
structure to the FET structure, as each component has a 
very different layer structure. A laser has a higher 

25 structure than FET's. As conventional photolithographic 
technology requires a wafer with an even surface, the 
laser must therefore be formed in an etched groove. 
Assuming the substrate is of a (100) oriented semi- 
insulating GaAs stibstrate, when the substrate /is chemi- 

30 cally etched, a (Oil) face is exposed as a side wall and 
the (Oil) face forms a 55^ angle with respect to the 
(100) top surface so that a groove having a sharp step 
is formed. This sharp step itself, howeyer, makes 
application of the photolithographic technology diff i- 

35 cult. Thus, high integration of the laser/FET unit 
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becomes difficult. 

Further, the sharp 55*" angle step often 
results in breakage of wiring and thus a reduced produc- 
tion yield. 

5 

It is therefore desirable, in view of 



the above disadvantages of the prior art, to 



provide a method for producing a semiconductor device 
10 wherein both optical semiconductor elements, such as a 
laser diode, and ordinary electronic semiconductor 
elements, such as an FET, are formed nearly flatly on a 
single substrate. 

It is also desirable to ' — ' ' 

15 provide a semiconductor device wherein an optical semiccxi- 
ductor element /ordinary semiconductor unit is formed on a 
single substrate with high integration • 

AocoQcding to one aspect of the present invention, there is 
provided a method for producing a semiconductor device 
20 includin^g the steps of: forming a low substrate surface 
in a substrate with a gentle slope from the substrate 
surface; forming on the low substrate surface a single 
crystalline layer substantially level with the sxibstrate 
surface; foznodLng an optical semiconductor element and an 
25 electronic semiconductor element using the single 

crystalline layer and the substrate surface^ respective- 
ly; and foarBiing a wiring layer connecting the optical 
semiconductor element and the electronic semiconductor 
element on the gen t le slope. ^ > 

3Q ADoording to another aspect of the pres;ie^ invention, there 

is provided a semiconductor device^Jipclndings a 

substrate having a low substrate surSape formed in the 
substrate with a first gentle slopje from the substrate 
surface; a single crystalline layer^ formed on the 
35 substrate surface nearly level with the substrate 

surface and having a second gentle slope facing the 
first gentle slope; an optical semiconductor element is 
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constructed using the single crystalline layer. An 
electronic semiconductor element is constructed using 
the substrate surface. A wiring layer connects elec- 
trodes of the optical semiconductor element and the 
5 electronic semiconductor element through the first and 
the second gentle slopes. 

. ^tocording to yet another aspect the present invention, there 
is provided a method for producing a semiconductor 

device including the steps of: forming a substrate; 
10 forming a low substrate surface in the substrate surface 
with a first gentle slope from the substrate surface; 
forming on the low substrate surface a single crystalline 
layer nearly level with the substrate surface; foioaing 
in the single crystalline layer a second gentle slope 
15 facing the first, gentle slope; forming an optical 
semiconductor element using the single crystalline 
layer; forming an electronic semiconductor element using 
the substrate surface; and forming a wiring layer 
connecting the electrodes of the optical semiconductor 
20 element cind the semiconductor element through the first 
and the second gentle slopes. 

Reference will now be made, by way of exarple, to the acocnpany- 
ing drawings, in )Au.ch; 

Figures lA to IK show cross-sectional views for eaqplaining an 
25 eni)odimsnt of a method for producing a semioc»:K3uctor device aoooixLmg 
to the present invention* 

Figs. 2 and 3 show partially enlarged cross-sectional views of Fig. IK; 
Fig. 4 shows a perspective view of Fig. IK; 
Fig. 5 is a schematic circuit diagram of the 
30 devices of Fig. 4; 

Fig. 6 shows a cross-sectional view for explaining an 
embodiment of a semiconductor device according to the 
present invention; 

Fig. 7 is a schematic circuit diagram of the device 
35 of Fig. 6; 

Fig. 8 shows a cross-sectional view of another embodi- 
ment of a device according to the present Invention; 
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Fig. 9 shows a pez:^)ective view relating to Fig. 8; 

Fig. 10 is a schema tic circuit: diagram of the 
device of Fig. 9j 

Figs. IIA and IIB show cross-sectional views for 
explaxxilng an fflnbodlTiiRnt of a loethod for forinlng a 
gentle step in a substrate; 

Figs • 12A and 12B show cross-sectional views for 
~ explaining another embodiinent of a i&ethod for forming a 
gentle step in a substrate; 

Fig. 13& and 13Bshaw cross-section views for 
ea^laining still another embodiment of a method for 
forming a gentle step in a substrate. . 



Figures lA to IK are cross-sectional views for 
explaining an erobodiment of a method for producing a 
semicondoctosf device according to the present invention. 

After providing a GaAs substrate 1 as shown in 
Fig. lA, a photo resist 2, for exan^le, AZ4620 (produced 
by Hoechst) , having a thickness of 5 to 15 ym is foanned 
over the surface of the GaAs substrate 1 and pattexmed 
in a stripe form, as shown in Fig. IB. 

The width W of the stripes of the resist layer may 
be 50 to 200 iim, preferably 100 pm. ^d the thickness d 
may be 7 'v 8 um. 

Next, as shown in Fig. IC, heat treatment for baking 
is carried out for 10 minutes at a temperature of 200 ®C 
to chcmge the edges of the resist layer 2 to gentle 
slc^>es and increase the thickness d' of the resist 
layer 2 to about 8 to 10 iim. In this heat treatment, 
the temperature is 200 which is lower than the usual 
post baking temperature 120 ""C. And the width W will not 
be changed so that the slope a of the edge of the mask 2 
is approximately 5** 15®. The thickness d" of the 
resist mask should be larger than the total thicloiess of 
the semi conductor laser layer which will be formed in a 
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groove later. There are some rules which decide the slope 
of the heated mask. That is, one relationship between W 
and d corresponds to one slope of the edge. 

As shown in Fig. ID, a resist layer 3 is formed 
5 over the obtained structure and then patterned. The 
patterned resist layer 3 has a thickness of 5 to 15 vm. 
Since the resist layer 2 had been heat-treated, it is 
not removed in the patterning process of the resist 
layer 3. Thus, the gentle slopes of the resist layer 2 
10 facing the center in of Fig. ID are exposed, v^tiile the 
other slopes are protected by the resist layer 3. A 
* slight heat- treatment is carried out to dry the patterned 
resist layer 3. 

As shown in Fig. IE, an ion beam etching, for 
15 example, argon ion (Ar"*") beam etching, is used to etch 
• a mesa while rotating the GaAs substrate !• In this ion 
beam etching process, the ion beam irradiates the GaAs 
substrate 1 at an angle of about 70*. When the mesa 
height h is about 10 im, the ion beam etching process is 
20 ended. Thus, a groove 4 having a slope 12 at an angle oC of 
about 5® to 15** is formed in the GaAs substrate 1. The 
ion beam etching conditions are an acceleration voltage 
of 500 and an ion curr^t density df 0.57 mA/cm^. 
That is, the ion beam etching process^ ptches all of the 
25 surface of the substrate equally, irrespectively of the 
various materials thereof. As a result, the surface 
shape of the mask 2,3 is shifted to the surface of the 
etched substrate 1. 

As shown in Pig. IF, the resist layers 2 and 3 are 
30 then removed, resulting in a GaAs substrate 1 having a 
mesa type recess or groove 4 with a gentle slope 12. 

As shown in Fig. IG, a semiconductor laser layer 5 
consisting of an n"*" type GaAs layer, n type Alg^^^aQ .^As 
layer, etc. is grown over the entire the GaAs substrate 
35 1 by molecular-beam epitaxy (MBE) . The structure of the 
layers corresponds to that of the optical semiconductor 
element, i.e. LD, also possible as PD. 
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A8 shown in Pig. IH, the semiconductor laser 
layer 5 is then patterned using two above-mentioned 
gentle-slope forming steps, which is shown as the 
mask 2,3 in Pig. IG. 

As shown in Pig. 11 an SiOj layer 7 is formed 
over the obtained structure and then patterned so that 
the Si02 layer covers the layer 5 formed in the etched 
groove. Then an PET epitaxial layer 8 is grown on the 
substrate while forming a polycrystalline (Al)GaAs 
layer 9 on the Si02 layer 7. The structure of the PET 
epitaxial layer 8 oocresponds to that of a FBT the thickness 
of which is not so large as the semiconductor laser 
layer 5* 

As shown in Pig. U, the polycrystalline (Al)GaAs 
layer 9 is r&DOved by a chemical etching process using a 
resist layer 10 as a mask. After that, the Si02 
layer 7 is also etched and the resist layer 10 is 
r^ooved. ^en, various LD and PET electrodes and a 
wiring layer 11a ^ lib are formed on the gentle slope 12 
as shown in Pig. IK. 

Ihe reasons for waking the gentle sljjpe 12 c3epend on two nain 
requirenents wtucb are necessary far making the OEIC. 

Firstly, in order to deposit the wiring layer on 
the slope between LD and PET^ the slope should be 
gentle because it is quite difficult to deposit a 
thick enouG^ wiring layer on a sharp slope as used 

conventionally. 

Secondly, in the patterning process of the wiring 
layer liar lib formed on the entire surface of the 
substrate, a photo resist layer should be coated on the 
viring layer. The thickness of the coating resist layer 
should be large enough to cover properly even on the 
sharp slope. This means the thickness of the resist 
coated on the upper surface where the FET's wiring is 
patterned becomes thick. This makes it iiipos- 
sible to make a fine pattern for the PET IC oecause of the 
thick resist. However, according to an entxxiinent of the present inven- 
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tion, fiince the slope is gentle, the coating reelst can 
be thin and It Is possible to nake a fine pattern. 

A detailed explanation relating to Fig. IX will be 
given below. 

5 Figure 2 ^^^^^ ^ partially enlarged cross-sectional 

view of Fig. IK, Illustrating an embodiment of a struc- 
ture According to the present Invention. In Fig. 2, 
reference numeral 1 represents the GaAs substrate, 14 
the semiconductor laser layer structure which is multi- 
10 layer, 15 a recess, 15a, 15b and 15c gentle slopes, 16 an n 
side contact layer of an n"*" type GaAs, 17 an n side 
' clad layer of n type AlQ^^GaQ -^As, 18 an active 

layer of either n type or p-type GaAs, 19 a p side clad 
layer of p type AIq ^ ^Ga^ ^ ^As , 20 a p side contact 

15 layer of p*^ type GaAs, 21 an FET layer, 22 an undoped 
GaAs layer, 23 an n GaAs FET active layer, 25 a p side 
contact electrode of AuZn, 26 a source electrode of 
AuGe/Nl, 27 a drain electrode of AuGe/Hl, 28 a gate 
electrode of Al, 30 an insulating layer of SiOj , and 

20 31 a wiring layer of Au/Cr. Although in Fig. IK there 
is a step on the left hand side gentle slope, it is 
possible not to form such a step as shown at the 
gentle slope 15b in Fig. 2, 

A method for producing the structure of Fig. 2 in 

25 which the p side contact electrode 25 is eozuiected to 
the drain electrode 27 through the wiring layer formed 
on the gentle slopes 15a and 15b, will be explained 
below in detail. 

After forming a recess 15 having the gentle 

30 slopes 15a as explained above, the n side contact 

layer 16, the n side clad layer 17, the active layer 18, 
the p side clad layer 19 and the p side contact layer 20 
are successively formed* The multilayer 14 consisting 
of the n side contact layer 16 to the p side contact 

35 layer 20 is patterned by the above-mentioned gentle-slope 
forming process. 

Then, the FET layer 21 consisting of the undoped 
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GaAs layer 22 and n GaAs active layer 23 is formed by 
VEE, as e^Eplained eibove vith referenoe to Figs. II, IJ. 

The p side contact electrode 25 for the LD is then 
formed on the p side contact layer 20 by a lift-off 
5 process. 

After that, the n side contact electrode 33 is 
formed on the n side contact by a lift-off process and 
an alloying* 

The source electrode 26 and the drain electrode 27 
10 for the PET are also formed on the FET layer 21. 

The insulating layer 30 is formed over the obtained 
structore by a spattering process and is patterned by 
photolithography • 

A wiring layer 31a is fosnned on the gentle 
15 slope 15a, 15b via the insulating layer 30 by a lift-off 
process. 

Thus, the structure of Fig. 2 can be formed on a 
single GaAs substrate. 

Figure 3 shews another partial enlarged cross-sectianal 
20 view of Figure IK. In Fig. 3, the same reference 
nuzoeraJLs as in Fig. 2 represent the same portions. - 

As seen from the figure, the source electrode 26 is 
connected to the n side contact electrode 33 through the 
wiring 31b formed on the gentle slope 15d via the 
25 insulator layer 30 » 

Figure 4 shows a perspective view relating to Fig. IK, 
Fig. IK being a cross-sectional view taken along the AA 
line. 

Figure 5 is a circuit diagram of the device of 
30 Fig. 4. 

As easily understood from the accordance between 
the Fig. 4 and Fig. 5, the wiring 31a on the gentle 
slopes 15a, 15b connects between the LD and the FET , 
and the wiring 31b on the gentle slope 15d connects 
35 between the LD and the FET Q^. In this embodiment, 

the LD and can be connected by the wiring 31a formed 
in OEIC so that the characteristic of the OEIC is 
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improved . 

Figure 6A shows a cross-sectional view for e}?)laining 
another embodiment of a semiconductor device according 
to the present invention. In Pig. 6A, the LD and FET 
are also formed on a GaAs substrate 1. The drain 
electrode 27 is connected to the p side contact elec- 
trode 25 via the wiring 31c formed on the planer surface. 

The process of this embodiment is almost same as 
the process shovra in Fig. lA-lH. That is, as shown in 
Fig. 6B, after forming thie semiconductor laser layer 5, 
the combination mask 2 and 3 is formed so that the edge 
of the mask 2,3 corresponds to the slope of the layer 5 
(shown 5a) . After that the planer surface 32 can be 
formed on the gentle slope 15a by performing the ion 
beam etching process as explained above. 

The same reference numerals as in Fig. 2 and 3 
represent the same portions. Figure 7 is a schematic 
circuit diagram of the device of Fig. 6. 

Figure 8 shows a cross-sectional view of another 
embodiment of a device according to the present inven- 
tion, in Fig. 8, a pin photo-diode (PIH PD) and an PET 
are formed on a single saai-insulating GaAs substrate 1. 
In Fig. 8, reference numeral 40 is an n type GaAs 
layer, 41 an n" type GaAs layer, 42 a higKNi^istivity 
AIq jGap ^ layer, 43 a Zn diffused region, 45 an 
SigN^ layer, 46 an undoped GaAs layer, 47 an n type 
GaAs' layer, 48 an Al electrode, 50 a wiring layer of 
Au/Ti, 51 an Au/AuGe electrode, and 52 an Au/Zn/Au 
electrode. As shown in Fig. 8, the Al electrode 48 is 
interconnected to the Au/Zn/Au electrode through an 
Au/Ti wiring layer 50 continuously laid on the gentle 
slopes 15a and 15b. 

Figure 9 shows a perspective view of the device of 

Fig. 8 which is a cross sectional view of B-B. 

Figure 10 is a circuit diagram of the device of 
Fig. 9. 

Other methods for forming a recess having a 
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gentle slope In a eeoi-lnBulBting GaAs substrate will 
now be explained. Figures llA and IIB show cross- 
sectional views of an embodisient explaining one of the 
methods. As shown in Fig. llA, a resist layer 61 having 
5 a thickness oft for exasiple, 6 \m is formed. The resist 
layer 61 is then exposed through a mask of a photo- 
sensitive glass having a hole 64 with a taper wall and a 
glass fiber 63. The resist layer just under the glass 
fiber 63 is most exposed , and as the distance is larger 
IQ from the position on the resist layer just under the 

gla^s fiber, the amount: of exposure is gradually reduced. 

Thus, as shown in Fig. IIB, the resist layer has a 
pattern 66 having a gentle slope 65. 

After that, using ion etching or reactive ion 
15 etching, the entire surface of the obtained structure is 
etched. Thus, a recess having the same pattern 66 can 
be formed in the semi- insulating GaAs substrate 1. 

Figures 12A and-12B shew cross-sectional views for 
explaining another embodiment of a method for forming a 
20 gentle slope in a substrate- As sho%ni in F±g« 12A, a 

polyimide layer having a thickness of, for example, 6 ym 
is fonoed on a semi— insulating GaAs substrate 1. The 
polyimide layer is irradiated witb a laser so that a 
portion of the polyimide in which a recess havdLng a 
25 gentle slope is formed is ixrradiated less conpared to 
the surrounding portion. The center of the recess 
forming poartion may be not ixrradiated at all* After 
that, the recess forming process for the semi-insulating 
GaAs substrate is carried, out as explained with Fig- IIB. 
3Q Figures 13A and 13B show cross-sectional views of 

another embodiment explaining a method for forming a 
gen-ble slope in a substJrate, As shown in Fig. 13A, a 
first polyimide resin layer 72^^ having a thickness of, 
for exasiple, GOOQA (0.6pn) is formed on a semi-insulating GaAs 
35 substrate 1» Then, the first polyimide resin layer 72^^ 
is heat-treated at a first ten^rature T^^ of, for 
exaxqple, 200*C, A second polyimide resin layer 
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formed on the first polyimide resin layer 72^^ and is 
heat-treated at a second temperature of, for 
example, 180 *C, lower than the first temperature T^. 
The process is repeated until the nth polyimide layer is 
formed on the (n-l)th polyimidd layer and is heat-treated 
at a temperature T^^ lower than temperature T^^.i^. 
Thus, a polyimide resdLn multi- layer 72 is formed on the 
semi-insulating GaAs substrate. When a polyimide resin 
is heat-treated at a higher temperature, the etching 
rate is decreased. 

Then, as shown in Pig. 13B the polyimide resin 
multilayer 72 is etched by an etchant, using a resist 
layer 73 having an opening 74 as a mask so that a 
recess 75 having a gentle slope 76 is formed in the 
polyimide multilayer 72. Then, the recess forming 
process as explained in Fig. IIB. is carried out for the 
semi-insulating GaAs substrate. 

Furthermore, another embodlisaent will be explained 
by using the Fig. 13A, 13B. In this embodiment, the 
multi-layer 12^ , 72^ ... 72^^ comprises Al^Gaj^.j^As 
layers in which the x is gradually increased from 72^^ 
to 72 . Then, the wet etching pfocftSB using a etchant 
containing HP is performed so that since the AlGaAs is 
etched faster than the GaAs or AlCaAs with surall 
quantity of Al, the etched pattern becomes shown in 
Fig. 13B having a gentle slope 76. After that, there are 
two alternative processes, mie first process is that the ion beam 
etching is simply performed in the same maimer as the 
previous explained process. The second process is that 
since the multi-layer 72 comprises a AlGaAs ccopound 
semiconductor, the PET structure is formed on or in the 
multi-layer 72. 
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CIAIMS 

1. A mettod for producing a semiconductor 
device, conpriaing 

the steps of: 

forming a low substrate surface in a 
5 substrate with a gentle slope from the substrate surface; 

forming on the low substate surface a 
single crystalline layer substantially level with the 
substrate surface; 

forming an optical semiconductor element 
10 and cui electronic semiconductor element using the single 
crystalline layer and the stabs trate surface, respectively; 
and 

forming a wiring layer connecting the 
optical semiconductor element and the electronic semi- 
15 conductor element on the gentle slope. 

2. A method according to claim 1, wherein said 
substrate is serai-insulating GaAs. 

3. A method according to claim 1, wherein said 
gentle slope is formed on said substrate by the steps 

20 of: 

forming a first resist layer on said 
substrate in a stripe form; 

subjecting the stripe-shaped resist layer 
to heat-treatment so that the edges of the stripe-shaped 
25 resist layer are rounded; 

covering the substrate and stripe- shaped 
resist layer on regions other than where the gentle 
slope is to be fosoned at one side; and 

etching the exposed substrate by ion beam 

30 etching. 

4'.. A method according to claim 1, wherein said 
gefi^tle slope is formed on said substrate by the steps 
of: 

forming a resist layer on said substate 
35 and exposing the resist layer using a mask having 

optical properties which disperse or collect light. 
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5. A method according to claim A, wherein said 
mask is composed of photo- sensitive glass having a 
tapered hole and an optical fiber arranged in the 
tapered hole. 

5 6. A method according to claim 1, wherein said 

gentle slope is formed on said substrate by the steps 
of: 

forming a polyimide resin layer on said 

substrate; 

10 subjecting the polyimide resin layer to 

heat-treatment having a local temperature distribution; 

patterning the heat-treated polyimide 
resin layer to make a recess having a gentle slope 
through a mask; and 

15 patterning the substrate by the dry- 

etching process* 



7, A method according to claim 1, wherein said 
20 gentle slope is formed on said substrate by a method 
conqprising the steps of: 

forming a polyimide resin multilayer 
obtained by forming a first polyimide resin layer 
heat-treated at first temperattire on the substrate a 
25 second polyimide resin layer heat-treated at a second 

ten^erature lower than the first temperature, and so on; 

patterning the polyimide resin multilayer 
through a mask to make a recess having a gentle slope; 
and 

30 patterning the substrate by the dry- 

etching process. 

8. A method according to claim 6 or 7, vterein said 
dry-etching is ion heam etching or reactive ion etching. 

9 , A method according to claim 1, wherein said 
35 optical semiconductor element is a laser diode or a 

photo-diode • 

10* A method according to claim 1, wherein said 
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electronic semiconductor element is a field effect 

transistor. 

11. A seaiiconductor device including: 

a substrate having a low substrate 
5 surface formed in the substrate with a first gentle 
slope from the substrate surface; 

a single crystalline layer formed on the 
low substrate surface nearly level with the substrate 
surface and having a second gentle slope facing the 

10 first gentle slope; 

an optical semiconductor element being 

' constructed using the single crystalline layer; 

an electronic semiconductor element being 
constructed using the substrate surface; and 

a wiring layer connecting electrodes of 
the optical semiconductor element and the electronic 
semiconductor element through the first and the second 

gentle slope. 

12 . A sCTiiconductor device according to claim H , 
wherein said optical semiconductor element is a laser 
diode or a photo-diode. 

13. A semicondiMAor device according to claim 11, 
wherein said electronic semiconductor element is a field 

effect transistor. 

14 . A method for producing a semiconductor device 

ccBoprising the steps of s 

forming a substrate; 

forming a low substrate surface in the 
substrate surface with a first gentle slope from the 

30 substrate surface; 

forming on the low substrate surface a 
single crystalline layer nearly level with the substrate 
surface; 

forming in the single crystalline layer a 
35 second gentle slope facing the first gentle slope; 

forming an ■ optical semiconductor element 
using the single crystalline layer; 
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forming an electronic semiconductor 
element using the substrate surface; and 

forming a wiring layer connecting the 
electrode of the optical semiconductor element and the 
semiconductor element through the first and the second 
gentle slope, 

.15.^- A method, according to claim 14 , wherein said 
substrate is semi- insulating GaAs. 

16. A method according to claim 14 , wherein said 
gentle slope is formed on said substrate by a method 
comprising the steps oft 

forming a first resist layer on said 
substrate in a stripe form; 

subjecting the stripe- shaped resist layer 
to heat-treatment so that the edge of the stripe-shaped 
resist layer are rounded? 

covering the substrate and stripe-sh^)ed 
resist layer on regions other than where the gentle 
slope is to be foanned; and 

etching the exposed substrate by ion beam etching. 

17 . ■ A method according to claim 14 , wherein said 
gentle slope is formed on said substrate by the steps 
of: 

forming a resist layer on said substrate 

and 

and exposing the resist layer 
.using a mask having optical properties which 'disperse or 

collect light. 

18. A method according to claim 17, wherein said 
mask is composed of photo-sensitive glass having a tapered 
hole and an optical fiber arranged in the tapered hole. 

19. A method according to claim 14, wherein said 
gentle slope is formed on said substrate by the steps 
of: 

forming a polyimide resin layer on said 

substrate , 

sxibjecting the polyimide resin layer to a 
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hea't- treatment havlxig a local temperature distribution; 

patterning the heat treated polyimide 
resin layer to make a recess having a gentle slope through 
a maski and 

patterning the substrate by the dry«- 
etchixig process « 

20., A method according to claim 14, wherein said 
gentle slope is formed on said substrate by a method 
ccEEBprising the steps of r 

forming a polyimide resin multilayer 
obtained by forsfting a first polyimide resin layer 
beat-treated at a temperature on the substrate, a second 
polyimide resin layer heat-treated at a second tender- 
aiture lower than the first at texoperature, amd so on; 

patterning the polyimide resin multilayer 
through a mask to make a recess having a gentle slope; 
and 

patterning the substrate by the dry- 
etching process. 

21 . A method according to claim 19 or 20^ v*erein said 
dry-etching is ion beam etching or reactive ion etching* 

22 • A method according to claim 14 , wherein said 
optical semiconductor element is a laser diode or a 
photo-diode. 

23 • A method according to claim 14 , wherein said 
electronic semiconductor element is a field effect 
transistor. 
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